frequency-scaling property. This behavior has been illustrated w1 = ckl into a random medium. Then, according to the theoretically and experimentally for a centrally loaded dipole HuygenSFresnel principle [ 7 ] , the field at a transverse disundergoing square-wave modulation by a reed switch. been demonstrated [ 61 that the local phase fluctuations introduced on the beam as it propagates through the random medium are the dominant contributions to the field and intensity fluctuations, provided the turbulence is fairly strong and the beam diameter greatly exceeds the phase coherence length p o = ( k 2 C n 2 x r 3 I 5 where k is the signal wavenumber, x is the path length and Cn2 is the index of refraction structure constant. We will now use these ideas to calculate the multiple frequency coherence functions.
FORMAL RESULTS
Suppose we have s source in the plane x = 0 with a tramverse distribution u0@1) and radiating a signal at frequency 
Note that when k l = k 2 , (5) reduces to the usual result for the phase structure function [ S i . Although (5) was computed using the Rytov method, it can be shown [ 91 that it is approximately valid for strong as well as weak turbulence.
AXIAL COHERENCE FUNCTIONS
For mathematical simplicity we now assume that p = p r = 0, so that all measurements are made along the beam axis. In this case we need to know D12(0, p1 -p 2 ) . We have shown that if A12 E I kl -k2 I/ho < 1 where ko E ( k l -k k 2 ) / 2 and where LO is the outer scale size of the turbulent eddies, that the following approximation is valid: p 1 2 ( o , P l -p 2 ) 2 g ( A 1 2 ) --hlP1 -P 2 lV ( 6 ) where where w E a,-,-2 -i(k1 -k 2 ) / 2 x . Unfortunately, the integration in (10) cannot be done in closed form2 when v = 5/3. Therefore we shall approximate hgV by a quadratic function of = I p1 -p 2 I for all ranges of the turbulence strength parameter o12. We shall define ho so that exp (-hot2) = e-l at the same value at which exp (-hE5I3) = e-l. We then find that ho = (0.545k02xCn2)6/5 when u12 < a-5/6 and ho isgiven by (9) for o12 > ( Y -~]~. If we use this approximation in (10) and then perform the integration on d 2 t we get 
where c is the speed of light. Note that for relatively small x (weak turbulence) the coherence bandwidth is independent of the beam size, but this is not true for the delay time. In the ( 9 ) ( i f a < A 1 2 < 7 .
We have developed a computer program to evaluate (10) for v = 5/3, and have shown that (1 1) is a good approximation to (10).
plane limit (ao + a) we find that (13) reduces to Td = 2hox/ cko2 = 0 . 9 7 k 0 2 / 5 C n 2~6 1 5 for uI2 < a-5/6: and Td = 2hDx/ cko2 = o.6K,113cn2X2/C for o12 % The model we chose is depicted in Fig. 1 . The air-filled circular tunnel of radius a contains a thin axial conductor of radius c offset from the center of the tunnel by a distance po. The homogeneous medium external to the tunnel has conductivity u,, permittivity e@, and permeability fie. For convenience, a cylindrical coordinate system (p, 6, z ) is chosen to be coaxial with the tunnel while an associated or displaced cylindrical coordinate system ( p f , G', z) is chosen to be coaxial with the axial conductor. To be specific, pf = 0 corresponds to p = po and @ = Go. Within the tunnel, the air (in spite of the presence of noxious fumes) is assumed to have zero conductivity, permittivity eo, and permeability p0. To allow for a lateral variation of the structure, we stipulate that the effective series impedance ZJz) of the axial conductor varies periodically throughout its length. This condition can be succinctly stated as where E , ( z ) is the average value of the axial electric field at the surface of the conductor and I ( z ) is the total current carried by the conductor. Actually, because of the assumed thinness of the axial conductor, this impedance condition can be applied at any convenient value of 
